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INTRODUCTION
Matrix structural molecules comprising lignin, cellulose and hemicellulose are known as lignocellulosic materials. Such substances generally constitute the class of forest origin and agricultural wastes. For example, tree barks, 30 are agricultural lignocellulosic waste materials. As alternative to activated carbon, these materials have commonly been used as adsorbents in removing the metals and dyes from aqueous medium. Of these low cost waste materials, with use of peanut shell, some works have been reported for metal and dye adsorption in the literature. For instance, peanut shell pretreated wıth HCl has been utilized as an adsorbent for remazol brilliant blue R removal. 31 For instance, basic red 2 (BR2) adsorption by peanut shell has been worked by Sakalar and co-workers. 27 In another study, peanut shell has been utilized as an adsorbent for remazol orange RGB removal from aqueous solution. 28 On the other hand, some alternative materials produced from peanut shell have also been used as adsorbents for dye adsorption. For example, polyurethane-type foam fabricated from peanut shell has been utilized for the sorption of remazol brilliant blue R 32 and safranin-O dyes 33 Moreover, sodium hydroxideactivated biochar produced from peanut shell has been used as an adsorbent for remazol orange RGB removal. 34 Herein, activated biomass charcoal produced from peanut shell has been utilized as an adsorbent to remove BR2, a cationic dye, from aqueous medium by adsorption. Such a study has not been done before, and therefore this work is original. The effects of shaking time (ie. the contact time of adsorbent with dye solution), initial dye concentration, pH and temperature on the adsorption process have been studied. Moreover, column adsorption study, SEM and FT-IR analyses has also been performed. All results obtained have been interpreted in detail.
MATERIALS AND METHODS

Materials
Adsorbent charcoal
Peanut shell wastes as raw material for the production of adsorbent charcoal were taken from Osmaniye province of Turkey. Firstly it was washed and dried in an oven. Then, the dried peanut shells were powdered by a crusher and sieved throughout a 100-mesh molecular sieve for charcoal production.
Adsorbate BR2
Basic red 2 (BR2), color index 50240, was provided from Carlo Erba, and it was used as taken in the adsorption experiments. BR2 is a positively charged cationic dye and it has a molecular mass of 350.85 g/mol. The synonym name of this dye is safranin-O 35 or safranin T. 36 Its UPAC name is 3,7-diamino-2,8-dimethyl-5phenylphenazinium chloride. 36 The spectral analysis of BR2 was recorded on a UV-Vis spectrophotometer, and its absorption spectra recorded for various concentrations are presented ( Figure 1 ). As seen from this figure, the maximum absorbance wavelength of BR2 is 517-520 nm. The molecular structure of BR2 is presented in Figure 2 . Some physical properties of BR2 are given elsewhere.
27,33
Figure 1. UV-Vis spectra of BR2 (top to bottom concentrations: 150 mg l −1 , 100 mg l −1 , 75 mg l −1 , 50 mg l −1 , 20 mg l −1 , and 10 mg l −1 ).
Figure 2.
The molecular structure of BR2.
Preparation of BR2 solutions
500 mg l −1 stock solution of BR2 was prepared using distilled water. The desired concentrations of BR2 were prepared from the stock. Solution pHs were adapted with diluted HCl and NaOH solutions by a pH meter.
Methods
Production of the activated biomass charcoal
In this section, firstly charcoal was produced and then the charcoal was activated chemically. The biomass charcoal was produced from peanut shell wastes using pyrolysis system. DOI: http://dx.doi.org/10.32571/ijct.650476 E-ISSN:2602-277X
This system designed for coal production was manufactured in the industry and shown schematically in Figure 3 . The biomass charcoal are produced as stated in our another study. 34 Then biomass charcoal obtained was activated chemically as described in the following. 
Activation of the biomass charcoal
The biomass charcoal obtained was activated chemically because it did not well adsorb BR2 dye. For this purpose, the biomass charcoal was activated using 1 N NaOH solution as described elsewhere. 34 The obtained activated biomass charcoal stored for adsorption experiments.
Characterization of the activated biomass charcoal
Characterization of the activated biomass charcoal was conducted by scanning electron microscopy (SEM), Fourier Transformed Infrared (FT-IR), elemental analyzer, and specific surface area and porosity analyzer. The composition content of the biomass charcoal was performed by an elemental analyzer (LECO CHNS-932 analyzer). Functional groups of the biomass charcoal were determined using a FT-IR spectrophotometer (FTIR RX-1 Perkin Elmer ATR spectrophotometer). Surface morphology of the charcoal was recorded by a SEM (LEO 435 VP SEM). Specific surface area and porosity were measured by a N 2 gas adsorption device (Micromeritics Instrument Corporation).
Adsorption Experiments
The experiments were conducted by adding 0.25 g of the activated biomass charcoal to 50 ml of BR2 solution in 250-ml erlenmeyers in a temperature-controlled shaking water bath for different initial BR2 concentrations, temperatures and pHs and at various shaking times at 130 rpm. Following the estimated shaking times, the samples were taken from shaking water bath and centrifuged. After centrifugation, the supernatants were analyzed at 517 nm (maximum wavelength) on T80 UV-Vis spectrophotometer.
The percent adsorption (PA) of BR2 from aqueous solution was determined using Eq. (1).
The amount of BR2 removed by the activated biomass charcoal was estimated from Eq. (2).
where, q t refers the adsorbed BR2 amount per unit adsorbent mass at any time (in mg g -1 ). C 0 and C t show the initial dye concentration and the adsorbed BR2 concentration on the adsorbent at any time (in mg l -1 ), respectively. V shows the working volume of BR2 solution (in liter), and m indicates mass of the activated biomass charcoal (in gram). At the equilibrium time, C t = C e and q t = q e . C e is the unadsorbed BR2 concentration in solution at equilibrium time (in mg l -1 ). q e indicates the adsorbed BR2 amount per unit of adsorbent mass at the equilibrium time (mg dye per g adsorbent).
Experimental parameters on the adsorption
Shaking time effect
Shaking times on the adsorption of BR2 by the activated biomass charcoal were selected as 1, 2, 3, 4, 5, 10, 20, 30, 45, 60, 75, 100 min under all experimental parameters in terms of initial dye concentrations, pHs and the temperatures.
Initial dye concentration effect
The initial concentrations on BR2 adsorption by the activated biomass charcoal were selected as 10, 20, 50, 75, 100 and 150 mg l −1 at, 40°C, pH 3 and 130 rpm.
pH effect
The values of solution pH on BR2 adsorption by the activated biomass charcoal were adapted between 3 and 9 for 150 mg l −1 initial concentration at 40°C and 130 rpm. pHs of BR2 solutions were adjusted with dilute sodium hydroxide and hydrochloric acid solutions by a pH meter. DOI: http://dx.doi.org/10.32571/ijct.650476 E-ISSN:2602-277X
Temperature effect
The temperatures on BR2 adsorption by the activated biomass charcoal were worked between 20 and 60°C for 150 mg l −1 initial concentrations at pH 3 and 130 rpm.
Column adsorption
Column adsorption works was carried out for the initial concentrations between 10 and 150 mg l −1 at pH 3 and 23°C (at room temperature). The flow rate of BR2 solution was 21 ml h -1 .
RESULTS AND DISCUSSION
Characterization of the activated biomass charcoal
Elemental analysis, specific surface area and porosity
As given in our another study, 34 the elemental analysis results of the activated biomass charcoal indicate that the activated carbon include 50.34% C, 4.280% H, 2.911% N, and 0.524% S. Specific BET surface area was as found 1.599 m 2 g -1 , and porosity was 0.00195 cm 3 g -1 .
SEM analysis
The SEM photographs before and after the adsorption are illustrated in Figure 4 . As seen from Figure 4a , the surface of the activated carbon is rough, indented and protruding, namely the surface is heterogeneous. After the adsorption of the dye, any change in the heterogeneous structure of the activated biomass charcoal does not occur. Only the surface has become with more blurred image due to dye adsorption (see Figure 4b ).
FTIR analysis
FT-IR spectra of the biomass charcoal, the activated biomass charcoal and dye-adsorbed activated biomass charcoal are shown in Figure 5 .
The broad band at 3294.84 cm −1 refers -OH groups of glucose and -NH groups of proteins. 38 The strong absorption band at 2926.42 indicates aliphatic C-H vibrations. 39 After the biomass charcoal was activated with NaOH, the broad band at 3294.84 cm −1 significantly shifted to 3222.09 cm −1 and its intensity remarkably rose. After activation, the peak intensity at 2926.42 cm −1 declined. The peaks at 1434.98 and 1373.71 cm −1 indicate the C = O stretching of carboxylic groups. 40 After the activation, the peak at 1434.98 diminished. The peak at 1373.71 cm −1 very slightly shifted to1373.61 cm −1 , but this peak broaden and its intensity remarkably ascended. The band at 1574.65 cm −1 probably indicates aromatic C -C stretching. 34 After the activation and dye adsorption this peak did not change. After the adsorption two strong new peaks at 2117.20 and 1216.97 cm −1 occurred. The band at 2117.20 cm −1 probably indicates C = C stretching due to the structure of the dye after the adsorption. Band at 1216.97 cm −1 probably shows C-H stretching in the structure of the dye. 34 After the activation, a new band at 1065.16 cm −1 appeared. This band probably refers to the out of-plane bending for carbonates in the activated biomas charcoal. 41 After BR2 adsorption, this band greatly shifted to 1013 cm −1 . The peaks at < 1000 cm −1 indicate fingerprint zone resulted from sulfur or phosphate, 27 and these peaks did not almost change after the carbonization and the dye adsorption. FT-IR results imply that a chemical interaction may have taken place between the functional groups on the surface of the activated biomass charcoal and positively charged BR2 molecules. 
Shaking time effect and the adsorption equilibrium time
Effect of shaking time on BR2 adsorption was studied for different initial BR2 concentration, pH and temperature at different shaking times. The maximum adsorption was attained at 5 min under all the experimen- tal conditions. After 5 min, any increase in the adsorption did not observe. Therefore, the equilibrium time of the adsorption was determined as 5 min. Figure 6 demonstrates the effect of initial dye concentration on the adsorption. As seen from the figure, it was determined that BR2 was highly adsorbed by the activated biomass charcoal from the first minutes and reached the maximum level at 5 min. There was no change in the adsorption after 5 min. The maximum adsorption (ie. adsorbent capacity) at 5 min was found as 1.958 mg g -1 (97.93%), 3.903 mg g -1 (97.59%), 9.913 mg g -1 (99.13%), 14.826 mg g -1 (98.84%), 19.853 mg g -1 (99.26%), and 29.868 mg g -1 (99.56%) for all concentrations between 10 and 150 mg l -1 , respectively. This refers a very rapid interaction between the activated biomass charcoal and BR2 molecules. In addition, it was observed that the red color of BR2 completely disappeared and became clear from the first minute. This situation was also observed in pH and temperature studies. A similar situation has been observed for BR2 adsorption onto peanut shell. As seen from Figure 7 , a very high adsorption was observed at all pH values from the first minutes and it was observed that it reached the maximum level at 5 min. The maximum adsorption (i.e. the adsorbent capacity) at pH 3, 5, 7 and 9 within 5 min was determined as 29.983 mg g -1 (99.91%), 29.864 mg g -1 (99.54%), 29.817 mg g -1 (99.39%) and 29.874 mg g -1 (99.58%), respectively. It was considered that it was suitable to study at any pH value, since the adsorbed amounts at each pH were very high and very close to each other. As seen from this figure, it was observed that pH had no effect on the maximum adsorption. Figure 8 demonstrates temperature effect on BR2 adsorption by the activated biomass charcoal. From this figure, it is seen that the maximum adsorption slightly rise with increasing the temperature. The most adsorption was observed to occur at 60°C. While the adsorption in the first min at 20 and 30°C was 12.42 mg g -1 (82.84%) and 13.17 mg g -1 (87.86%), the maximum adsorption (i.e. the adsorbent capacity) was found as 14.89 mg g -1 (99.65%) and 14.89 mg g -1 (99.28%) in 5 min, respectively. On the other hand, the adsorption within the first 5 min at 40, 50 and 60 o C was very close to each other and the maximum adsorption was reached within 5 min. The maximum adsorption (i.e. the adsorbent capacity) at 40 and 60°C was estimated as 29.86 mg g -1 (99.56%) and 29.94 mg g -1 (99.80%), respectively. The maximum adsorption at 40°C and 60°C are very close to each other, and the maximum adsorption are determined as 14.84 mg g -1 (98.84%) and 14.94 mg g -1 (99.60%), respectively. 
Initial dye concentration effect
Temperature effect
Column adsorption study
The operating conditions for the column adsorption are summarized in Table 1 . The system was operated at 23°C and pH 3. As can be seen from this table, a glass column with 1 cm diameter and 20 cm length was used for the continuous adsorption system. 2 g dry weight of activated biomass charcoal particles were packed between two layers of glass wool in the column. BR2 solution with the predetermined concentrations was fed through the top of the column.The flow rate of feed solutions was regulated as 0.35 ml min -1 (21 ml h -1 ). The dye samples passed through the column were collected from the bottom of the column at specific times. The samples from the outlet of the column were analyzed by UV-Vis spectrophotometer. The values of percent adsorption of BR2 by the column are shown in Figure 9 . As seen from Figure 9 , the column adsorption of BR2 was determined to be between 99.17 and 99.47% for all the concentrations. Besides it was observed that all the outlet samples are colourless and cleared off the red colour of BR2. This situation indicates a high affinity between the functional groups of BR2 molecules and activated biomass charcoal packed in column. Column exhaustion time was determined as 15.5 h. When the flow rate is doubled (ie. 0.70 ml min -1 (42 ml h -1 )), the adsorption was found to be 99.50%. At the same time, when the flow rate is worked as 0.70 ml min -1 , the accumulation of dye solution in the column was observed. Therefore, it was seen that an increase in the flow rate had no effect on the column adsorption. Based on this, the flow rate was not further increased. Figure 9 . Initial BR2 concentration effect on the column adsorption. (C 0 : 150 mg l −1 , pH: 3, w: 2 g, v: 50 ml, flow rate: 21 ml h -1 ).
Kinetic study
Adsorption kinetics was examined according to three commonly used models. The intra-particle diffusion model suggested by Weber and Morris is given in Eq. (3).
The pseudo-first order kinetic model proposed by Lagergren is presented in Eq. (4).   (5) where, k i implies the intra-particle diffusion rate constant. k 1 and k 2 indicate the rate constants for the pseudo-first and -second order models, respectively. q t and q e indicate the amounts adsorbed of BR2 per unit o f t h e adsorbent a t any time and equilibrium time, respectively. T he term k 2 q 2 2 indicates initial adsorption rate and is represented with h. All kinetic studies were conducted for the initial BR2 concentrations between 10 and 150 mg l -1 at pH 3 and 40C. The obtained all kinetic parameters are submitted in Table 2 .
Firstly, the plots of q t against t 1/2 for the intra- particle diffusion were obtained. The values of coefficient of determination (r 2 ) from t h e linear regression analysis o f t h e p l o t s obtained were determined as 0.0354, 0.0137, 0.0472, 0.8975, 0.5632, and 0.8063 for the initial concentrations of 10, 20, 50, 75, 100, and 150 mg l -1 , respectively. These low values show that the adsorption does not follow the intraparticle diffusion model. Due to the low r 2 values, the plots are not given here. However, due to the surface adsorption, the boundary layer thickness (the value C) was determined to be rose with increasing initial dye concentration (see Table 2 ). Secondly, the plots of log (q e -q t ) against t for the pseudo-first order model were drawn. The values of the r 2 from the linear regression analysis of the plots were found as 0.0026, 0.0013, 0.0045, -0.9435, 0.2916, and 0,5989 for the initial concentrations of 10, 20, 50, 75, 100, and 150 mg l -1 , respectively. As seen, the r 2 values are very low. Also, there is no any harmony between the experimental adsorption capacities (q exp ) and theoretical adsorption capacities (q 1 ) from the pseudo-first order model. Therefore, the adsorption is not consistent with the pseudo-first order kinetic model. Due to low r 2 values, the plots are not given here. Finally, the linear plots of t/q t against t for the pseudosecond order model were drawn (see Figure 10 ). From the regression analyses above, the values of the r 2 are very high. The values of r 2 are 1 for all initial concentrations between 10 and 150 mg l -1 (except for 20 mg l -1 ). At the same time, there is a harmony between the experimental adsorption capacities (q exp ) and theoretical adsorption capacities (q 2 ) from the pseudo-second order model (see Table 2 ). Therefore, the adsorption obeyed the pseudo-second order kinetics. This situation may be inscribed to a chemical activation between B R 2 d y e molecules and the functional active sites of adsorbent. Similar findings have been noted for safranin adsorption by peanut shell, 27 carbonized spent coffee ground, 45 and kaolinite clay. 46 
Isotherm study
Adsorption isotherm was investigated by the Langmuir and Freundlich models used commonly given elsewhere.
3, 16 According to isotherm analyses results, it is seen that the plot of C e /q e versus C e is a contrary to the Langmuir model. However, the isotherm is in consistent with the Freundlich model. The k and n values were estimated from the intercept and slope of the plot of ln q e against ln C e , respectively. The values of k and n were determined as 29.34 mg g -1 and 0.58 g l -1 , respectively. The r 2 value for the Freundlich isotherm was estimated as 0.74. This low r 2 indicates a partial compatibility to the Freundlich model, which shown a randomness adsorption of the dye molecules on the adsorbent surface. A similar result has been noted for BR2 adsorption by peanut shell. 27
CONLUSIONS
In this study, the charcoal was produced from peanut shells and then this charcoal was activated chemically with sodium hydroxide. The activated biomass charcoal obtained was used as an adsorbent in removing BR2, a cationic dye from aqueous solution in batch and column systems. The maximum adsorption of BR2 by the activated biomass charcoal (i.e. adsorbent capacity) was determined to be 99.91% and 99.50% in batch and column systems, respectively. It was seen that the adsorption obeyed the Freundlich isotherm and the pseudo-second order kinetic model. At the same time, a surface adsorption was estimated to be occurred on the heterogeneous adsorbent surface. Alternative to commercial activated carbon, the activated biomass charcoal produced from peanut shell was determined to be used easily for the adsorption of BR2 dye, a cationic dye.
